Materials and Experimental Methods

Synthesis and characterization of 4-propylsyringyl acrylate, 4-propylguaiacyl acrylate, 4-propylsyringyl methacrylate, and 4-propylguaiacyl methacrylate.
The aromatic monomer mixture was acrylated following a procedure adapted from the literature. 1 The aromatic monomers and triethylamine (1.2 mol eq, Fisher Scientific, 99%) were dissolved in dichloromethane (DCM, anhydrous, Fisher Scientific) in a three-neck round bottom flask. The mixture was sparged with argon for 15 min while the flask was immersed in an ice-water bath. A solution of acryloyl chloride (1.2 mol eq, Sigma Aldrich, 97%) in DCM was added drop wise using a constant pressure dropper. The reaction was left to proceed overnight, after which, a white precipitant was filtered by vacuum filtration and discarded. The DCM permeate phase was washed consecutively with solutions of saturated sodium bicarbonate, 1.0 M NaOH (twice), 1.0 M HCl, and deionized water. DCM was removed by rotary evaporation, and the monomers were further purified by flash chromatography using silica gel (Standard Grade, 230 × 400 mesh, 60 Å) with ethyl acetate/hexanes mixture as an eluent (ethyl acetate volume fraction gradually increased from 0% to 10%). Two pure products, 4-propylsyringyl acrylate (4pSA) and 4-propylguaiacyl acrylate (4pGA), were obtained. 1 added to the mixture, and the polymer was purified by precipitating into excess hexanes at least two times to ensure no monomer remained (confirmed by 1 H NMR spectroscopy).
Characterization of polymers.
Glass transition temperatures (T g s) of all polymers were determined using a differential scanning calorimeter (DSC, Discovery Series, TA Instruments). The DSC was calibrated using an indium standard. Polymer sample (2-5 mg) was loaded into an aluminum pan and hermetically sealed in air. A heating-cooling-heating cycle was carried out at a rate of 5 °C min -1 under continuous N 2 flow (50 mL min -1 ). For SaBSa, the sample was first heated from 35 °C to 120 °C, held at 120 °C for 2 min, cooled down to -90 °C, held at -90 °C for 2 min, and ramped to 120 °C. The procedure for poly(methyl methacrylate-b-butyl acrylate-b-methyl methacrylate) (MBM,
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Kurarity LA2140e, Kuraray Co. Ltd.) was the same except that the experimental temperature window was -90 °C to 150 °C. The T g was determined as the midpoint of the inflection in the second heating.
The thermal degradation behavior of SaBSa was characterized using thermogravimetric analysis (TGA, Discovery Series, TA Instruments). 9-11 mg of SaBSa polymer was loaded into a 100 µL platinum pan and heated under continuous airflow (50 mL min -1 sample purge, 20 mL min Tensile testing on MBM also was performed for comparison, except that the testing specimens were prepared with an aluminum mold, and the pressing temperature was 220 °C.
The micro-phase separation characteristics of SaBSa and MBM were probed by small-angle Xray scattering (SAXS) (Rigaku SAXS instrument at the University of Delaware). The wavelength of the beam was 0.154 nm, and the sample to detector distance was 2 m. The 2D S5 scattering patterns were azimuthally integrated to a 1D profile of intensity [I(q)] vs. scattering vector q, q = 4π sin(θ/2)/λ (θ is the scattering angle, λ is the wavelength).
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Figure S1
. 1 H NMR spectra of 4pSA (a) and 4pGA (b) in chloroform-d (with TMS as an internal standard). Residue water was from the chloroform-d bottle.
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Figure S2.
1 H NMR spectra of 4pSMA (a) and 4pGMA (b) in chloroform-d (with TMS as an internal standard). In b), peaks labeled with * are from residue un-reacted 4pG (not separated from 4pGMA by flash column chromatography). The existence of 4pG did not affect the polymerization of 4pGMA, thus no attempt was made to remove it until the washes following polymerization. 
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Figure S11. Photo of tensile testing experiment.
